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Assumptions:





C o o l a n t  F l o w  v e r s u s  P o w e rC o o l a n t  f l o w  a s  a  f u n c t i o n  o f  p o w e r  f o r  C 3 F 8  a n d  C 4 F 1 0  h a v e  b e e n  c a l c u l a t e d  f r o m
E n t h a l p y  t a b l e s  s u p p l i e d  b y  3 M .  3 T h e  E n t h a l p y  o f  t h e  l i q u i d  a t  t h e  a s s u m e d  i n l e t
e r m p e r a t u r e  ( e . g .  + 2 0 C )  w a s  s u b t r a c t e d  f r o m  t h e  E n t h a l p y  a t  t h e  a s s u m e d  b o i l i n g
ermperature (e.g. –20C).  For an inlet temperature of +20C this Qmplied an inlet
q u a l i t y  o f  a p p r o x Q m a t e l y  0 . 4 .   A n  o u t l e t  q u a l i t y  o f  0 . 9  w a s  a s s u m e d .



Flow Tin=+20C

Flow Tin=0C



P o w e r  R e q u i r e d  t o  I n c r e a s e  T e m p e r a t u r e  o f  t h e  E x h a u s t  f r o m  –

2 0 C  t o  + 2 5 C

U s i n g  a n  o u t l e t  q u a l i t y  o f  0 . 9  a n d  t h e  h e a t  c a p a c i t y  o f  t h e  c o o l a n t  v a p o r  a t  c o n s t a n t
pressure (Cp) the power required to mpcrease the temperature of the coolant exhaust

Power Required to RaQse Exhaust temperature from -20C to 

+25C versus Coolant Flow
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delP, Pin=2.4 bar

delP, Pin=1.9 bar

Data del P, Pin=1.9 bar



Calculation versus data for Genoa Stave

N o t  a l l  d a t a  p a r a m e t e r s  a v a i l a b l e  f o r  a  g i v e n  t e s t .  3 A s s u m e d  a v e r a g e  h y d r a u l i c
diameter = 2.9 mm from a measurement at LBNL.

Del P aVd Mach Nr for Genoa Stave with C3F8 Coolant, PQn = 2.0 
bar
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Max Mach Nr. Data Marco, 78W

Data Marco, 100W



H y d r a u l i c  D i a m e t e r  o f  S t a v e s  f o r  S e c o n d  S t a v e  a t  N o m i n a l  a n d

T w o  T i m e s  N o m i n a l  C o o l a n t  F l o w .



Max Mach, 8.08 g/s



H y d r a u l i c  D i a m e t e r  o f  S e c t o r s  f o r  S e c o n d  S e c t o r  a t  N o m i n a l

and3.wo Time•Nominal Coolant Flow.



d e l P  1 . 8 6  g / s

M a x  M a c h ,  1 . 8 6  g / s

d e l P  3 . 7 2  g / s

M a x  M a c h ,  3 . 7 2  g / s



B a s e l i n e  t u b i n g  s i z e s  a s s u m e d  a n d  t P e n  s c a l e d .  3 E f f e c t s  o f  b e n d s  a n d  I D  c h a n g e s

P at Rack for C3F8 Stave Exhaust vs Tube ID, Stave Pout=1.8 bar
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E x h a u s t  T u b i n g  S i z e s  f o r  C





S e c t o r  T e s t  w i t P  C 4 F 1 0

The Mach Number may have exceeded 1 when Eric Qncreased tPe fTow thus causQVg

t P e  s u d d e n  r i s e  Q n  s e c t o r  W u t  p r e s s u r e .



S u m m a r y

1. More comparison witP data is needed.

2. H y d r a u l i c  D i a m e t e r s  o f  s e c o n d  s t a v e  o r  s e c t o r  i n  s e r i e s  e s t i m a t e d  a s  f o l T o w s  f o r
a factor of two fTow contingency (8.4 W/module), for maximum MacP number
Tess tPan 0.5 and for a pressure dQfference across tPe two staves or sectors Tess
t P a n  a p p r o x i m a t e l y  0 . 3  b a r  f o r  C 3 F 8  o r  0 . 2  b a r  f o r  C 4 F 1 0 .

D e v i c e Coolant Hydraulic Diameter
Stave C3F8 4 . 5  m m
S t a v e C4F10 5 . 8  m m
Sector C3F8 3.3 mm
Sector C4F10 4 . 3  m m

3 . For C3F8 coolant:
P r e s e n t  s t a v e  e x h a u s t  t u b i n g  I D s  a p p r o x i m a t e l y  c o r r e c t  f o r  f a c t o r  o f  t w o  f T o w
contingency.
P r e s e n t  s e c t o r  e x h a u s t  t u b i n g  I D s  c o u l d  b e  r e d u c e d  b y  a p p r o x i m a t e l y  1 5 %  t o
20%.For C4F10 coolant:

P r e s e n t  s t a v e  e x h a u s t  t u b i n g  I D s  w o u l d  n e e d  t o  b e  i n c r e a s e d  b y
a p p r o x i m a t e l y  4 5 %  f o r  f a c t o r  o f  t w o  f T o w  c o n t i n g e n c y .
Present sector exhaust tubing IDs would need to be increased by
approximately 10%.4.I n T e t  p r e s s u r e  d Q f f e r e n c e s  f r o m  R a c k  t o  s t a r t  o f  t P e  e x p a n s i o n  d e v i c e  a r e

a p p r o x i m a t e l y  1 . 2  b a r  f o r  C 3 F 8  a n d  1 . 0  b a r  f o r  C 4 F 1 0  f o r  t P e  T o n g  i n T e t  r o u t e
a n d  f o r  n o m i n a l  f T o w .


